Introduction
============

Osteoarthritis (OA) is the most common form of arthritis and the main cause of disability in people ≤65 years old ([@b1-etm-0-0-9022]). While OA is affected by multiple factors, age is considered the single greatest risk factor for its development in susceptible joints ([@b2-etm-0-0-9022]). Chondrocytes are regarded as key players in OA pathology, since they are the only cell type present in articular cartilage. The degeneration of autophagy caused by aging results in the accumulation of senescent chondrocytes in articular cartilage ([@b3-etm-0-0-9022]). Senescent chondrocytes were observed near the osteoarthritic lesions, but not in intact cartilage from patients with OA or in normal donors ([@b4-etm-0-0-9022]). Senescent chondrocytes exhibit a senescence-associated secretory phenotype (SASP), characterized by the secretion of several inflammatory cytokines, growth factors and other soluble and insoluble factors ([@b5-etm-0-0-9022]). These senescent cells are generally detected using the senescence-associated indicator acidic senescence-associated β-galactosidase (SA-β-gal), which is a distinct marker of senescence for OA ([@b6-etm-0-0-9022]). Chondrocyte SASP is known to include the production of matrix-degrading proteases, including the matrix metalloproteinase (MMP)-3 and -13 enzymes ([@b5-etm-0-0-9022]). MMP-13 is believed to be central to the irreversible degradation of the cartilage type II collagen, which is the protein that constitutes the majority of the extracellular matrix ([@b5-etm-0-0-9022]). Recent studies have suggested that transplanted senescent cells induce an OA-like state in mice, whereas local removal of senescent cells can reduce the development of post-traumatic OA and create an environment that promotes regeneration ([@b7-etm-0-0-9022],[@b8-etm-0-0-9022]). These results suggest an important role for chondrocyte senescence in the development and progression of OA. However, to the best of the authors\' knowledge, the specific mechanisms underlying chondrocyte senescence have not been described to date.

The Wnt/β-catenin signaling pathway serves an important role in joint embryogenesis and adult skeletal homeostasis ([@b9-etm-0-0-9022],[@b10-etm-0-0-9022]). Previous studies demonstrated increased levels of β-catenin in degenerative or osteoarthritic cartilage ([@b11-etm-0-0-9022],[@b12-etm-0-0-9022]). In chondrocytes, overexpression of β-catenin induced expression of matrix degradation enzymes ([@b12-etm-0-0-9022]). Moreover, activation of the Wnt/β-catenin signaling pathway induced rapid gene expression of MMPs and other proteases, which resulted in the degradation of proteoglycan matrix ([@b13-etm-0-0-9022]). In β-catenin(ex3)^Col2CreER^ mice, β-catenin degradation is selectively inhibited, which results in the increased expression levels of this protein in articular chondrocytes. This ablation resulted in an OA-like phenotype, including progressive loss of articular cartilage and osteophyte formation ([@b14-etm-0-0-9022]). Altogether, these studies demonstrated that Wnt/β-catenin signaling serves a significant role in the pathogenesis of OA. However, the effect of Wnt/β-catenin signaling in chondrocyte senescence has not been previously investigated, to the best of the author\'s knowledge.

β-catenin is a key protein in the Wnt/β-catenin signaling pathway. In the absence of Wnt proteins, β-catenin is phosphorylated by a degradation complex, including glycogen synthase kinase-3β (GSK-3β), adenomatous polyposis coli protein and Axin. The tagged β-catenin is ubiquitinated and subsequently degraded by the 26S proteasome. The Wnt protein binds to the co-receptor complex on the cell surface, leading to the activation of Dishevelled, a downstream protein of the receptor complex. This process inhibits the activity of GSK-3β resulting in the accumulation of β-catenin. The accumulated β-catenin is subsequently transferred to the nucleus, where it binds to transcription factors and alters the expression of several target genes ([@b9-etm-0-0-9022],[@b11-etm-0-0-9022]). Most of these target genes, such as cyclin D1, are important in cell cycle regulation ([@b15-etm-0-0-9022]), which means that they may play an important role in regulating cell senescence, because the prominent feature of cell senescence is cell cycle arrest. Therefore, it may be hypothesized that Wnt/β-catenin signaling could regulate chondrocyte senescence.

In the present study, the activity of the Wnt/β-catenin signaling pathway was experimentally modulated in order to assess its effect on chondrocyte senescence *in vivo* and *in vitro*. Furthermore, the possible mechanisms underlying chondrocyte senescence were investigated.

Materials and methods
=====================

### Animals

Rabbits and rats were obtained from Animal Center of Zhejiang University. A total of 12 male, 1-year old, New Zealand rabbits, weighing 2.0-2.5 kg, were used for the *in vivo* study. Rabbits were raised in a single cage with food and bottled water, at room temperature (24-26˚C), with 40-60% humidity and a 12 h light/dark cycle. Cultured chondrocytes from 4 male, four-week-old rabbits and 2 male, two-week-old rats under the same housing condition as aforementioned were used for the *in vitro* study. The Institutional Animal Care and Use Committee of The Second Afﬁliated Hospital of Medical College, Zhejiang University approved the present study.

### Reagents

Wnt-1, LiCl, recombinant human interleukin (IL)-1β and collagenase II were purchased from Sigma-Aldrich; Merck KGaA. Recombinant human Dickkopf (DKK1) was purchased from R&D Systems, Inc. Anti-β-catenin was purchased from EMD Millipore. Anti-MMP-13, anti-p16, anti-p53, anti-GAPDH, anti-acetylated p53 and anti-SIRT-1 were obtained from Abcam. Fetal bovine serum (FBS), Dulbecco\'s modiﬁed Eagle\'s medium (DMEM), penicillin, streptomycin and 0.25% trypsin were purchased from Gibco; Thermo Fisher Scientific, Inc.

### Culture of rabbit/rat articular chondrocytes

Articular cartilage was isolated from the knee joint of both adult rabbits and rats under sterile conditions. Subsequently, 0.1% collagenase II was used to digest the cartilage at 37.8˚C for 4 h in order to cause detachment of the chondrocytes. Chondrocytes were transferred to 75 cm^2^ culture ﬂasks at a density of 1x10^5^ cells/cm^2^ in DMEM medium with 10% FBS and antibiotics (100 U/ml penicillin, 100 µg/ml streptomycin). The temperature of the incubator used for chondrocyte culture was set at 37.8˚C and the carbon dioxide content was 5%. The chondrocytes were passaged at a ratio of 1:3. Cell culture passages of the third or fourth generation were used for all *in vitro* experiments.

### Treatment of rabbit chondrocytes with DKK1 and LiCl

The rabbit chondrocytes were seeded in six-well plates at a density of 2x10^5^ cells/well and serum-starved overnight, then treated with 10 ng/ml IL-1β for 23 h in serum-free medium at 37.8˚C in a 5% CO~2~ incubator. Before adding IL-1β, chondrocytes were pre-treated with DKK1 (100 ng/ml) ([@b16-etm-0-0-9022]) or LiCl (20 mM) ([@b17-etm-0-0-9022]) for 1 h at 37.8˚C. Chondrocytes treated with PBS were used as controls. The cells were then harvested for reverse-transcription-quantitative (RT-qPCR) analysis and western blotting.

### Treatment of rat chondrocytes with Wnt-1 and IL-1β

Rat chondrocytes were seeded at a density of 2x10^5^ cells/well in six-well plates and serum-starved overnight. Subsequently, they were treated with 10 ng/ml Wnt-1([@b18-etm-0-0-9022]) in serum-free medium for 72 h at 37.8˚C in a 5% CO~2~ incubator. Chondrocytes treated with PBS were used as controls. A part of the chondrocyte culture was used for SA-β-gal staining, whereas the remaining cells were harvested for western blotting. A second group of chondrocytes were treated with 10 ng/ml Wnt-1 for 72 h in the absence of serum and subsequently treated with 10 ng/ml IL-1β for 24 h at 37.8˚C in a 5% CO~2~ incubator. Chondrocytes treated with Wnt-1 for 72 h were then treated with PBS for 24 h at 37.8˚C in a 5% CO~2~ incubator were used as controls. The cells were finally used for RT-qPCR analysis.

### SA-β-gal staining

Cells were stained with senescence-associated β-galactosidase staining kit (cat. no. 9860; CST Biological Reagents Co., Ltd.), according to manufacturer\'s protocol. The percentage of senescent cells was the total number of senescent cells divided by the total number of cells counted per microscope view, using a light microscope, magnification, x200.

### β-catenin plasmid cell transfection

β-catenin plasmid construction was performed based on a previous study ([@b19-etm-0-0-9022]). The β-catenin gene was ligated into the pTagRFP eukaryotic expression vector (Evrogen JSC). 10 µg of DNA was used to transfect 70-80% confluent cells. Lipofectamine^®^ 2000 transfection reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used to transfect the plasmid into the chondrocytes. The expression levels of β-catenin were assessed via fluorescence microscopy and western blot analysis. An empty vector was used as the control. 48 h after transfection, cells were collected or used for subsequent experimentation.

### RT-qPCR

The cells harvested for RT-qPCR analysis were mentioned before. The rabbit cartilage was collected from the left femur (n=4) and frozen in-196˚C liquid nitrogen prior to use. The cartilage samples were then transferred to a 2 ml pre-filled bead mill tube (cat. no. 15-340-153; Thermo Fisher scientific, Inc.) containing 1 ml TRIzol^®^ reagent (Invitrogen; Thermo Fisher Scientific, Inc.), and then grinded using a Bead Mill 24 homogenizer (cat. no. 15-340-163; Thermo Fisher Scientific, Inc.). Total RNA extraction was performed using the TRIzol^®^ reagent. The SuperScript III reverse transcriptase cDNA synthesis kit (Invitrogen; Thermo Fisher Scientific, Inc.) was used for ﬁrst-strand cDNA synthesis. The RT reaction contained 1 µl Oligo (dT)~18~ primer, 2 µg total RNA, 25 units of RNase inhibitor, 4 µl SuperScript III, 5X reaction buffer and 2 µl dNTPs (10 mmol/l). Sterile distilled water was added to create a total reaction volume of 20 µl. The RT reaction was incubated at 50˚C for 60 min. The iCycler apparatus system (Bio-Rad Laboratories, Inc.) and the SYBR-Green I (Invitrogen; Thermo Fisher Scientific, Inc.) technology were used for RT-qPCR. The thermocycling conditions were as follows: i) Denaturation: 95˚C, 5 min on initial cycle; 30 sec on rest; ii) annealing: 55˚C, 30 sec; iii) extension: 72˚C, 60 sec; 5 min on the last cycle. A total of 40 PCR cycles were perfumed. The rabbit and rat primer sequences are shown in [Table I](#tI-etm-0-0-9022){ref-type="table"} and 18s rRNA was used as an internal control. The qPCR data were obtained using the DCq method. The formulas were as follows: N=100x2^-(ΔCq\ targeted\ gene-ΔCq\ 18s\ rRNA)^ ([@b20-etm-0-0-9022]).

### Western blotting

Chondrocytes were initially washed with cold PBS and subsequently lysed in the RIPA lysis buffer (Thermo Fisher Scientific, Inc.) containing proteinase inhibitor for 30 min at 4˚C. The Bradford assay was used for detection of the protein concentration. 30 µg protein samples were loaded on 8-12% SDS-PAGE for protein separation. The proteins were transferred from the gels to PVDF membranes that were blocked for non-specific binding using 5% bovine serum albumin (Sigma Aldrich; Merck KGaA) for 1 h at room temperature. The membranes were initially incubated overnight at 4˚C with the following antibodies: β-catenin (cat. no. 06-734; EMD Millipore; 1:1,000), MMP-13 (cat. no. ab39012; Abcam; 1:1,000), p16 (cat. no. ab51243; Abcam; 1:1,000), p53 (cat. no. ab131442; Abcam; 1:1,000), acetylated p53 (cat. no. 183544; Abcam; 1:1,000), SIRT-1 (cat. no. 189494; Abcam; 1:1,000), GAPDH (cat. no. 245355; Abcam; 1:1,000) and β-actin (cat. no. A5441; Sigma Aldrich; Merck KGaA; 1:1,000). On the following day, the membranes were incubated for 1 h with horseradish peroxidase-linked secondary antibodies (cat. no. G-21234; Thermo Fisher Scientific, Inc.; 1:2,000) at room temperature. The SuperSignal^®^ West Dura Extended Duration Substrate (cat. no. 34075; Thermo Fisher Scientific, Inc.) was used for visualization. The intensity of the protein bands was quantified using Image Lab 3.0 software (Bio-Rad Laboratories, Inc.).

### OA induction and rabbit treatment

Rabbits were divided into three groups (n=4 in each group). Anterior cruciate ligament transaction of bilateral knee joints was performed in each rabbit according to a previous study ([@b19-etm-0-0-9022]). The rabbits were housed under standard conditions for four weeks following the operation, and 0.3 ml DKK1, LiCl and vehicle (PBS) were injected respectively into the knee joint once every week. After 6 weeks of weekly intra-articular injections, the rabbits were anesthetized by intravenous injection of 3% sodium pentobarbital (30 mg/kg), then sacrificed by air embolism experimental specimen collection.

### Histological evaluation

The femoral condyle of the right knee joint (n=4) was selected for tissue sectioning and was subsequently used for histological evaluation. The specimens were ﬁxed with 10% neutral buffered formalin for 48 h at room temperature. Following removal of the excess tissue, the inner and outer femoral condyles were separated. Subsequently, the specimens were decalcified in 10% EDTA, which was replaced weekly for 2 months. The specimens were dehydrated using an ethanol gradient treatment, namely: 70% ethanol, 15 min; 90% ethanol, 15 min; 100% ethanol, 15 min; 100% ethanol, 15 min; 100% ethanol, 30 min; 100% ethanol, 45 min and infiltrated with xylene for, 20 min, twice and then 45 min, before being embedded in paraffin, all at room temperature. Paraffin specimens were cut into 5-µm thick sections for subsequent use. The sections were then stained with Safranin O and fast green for 5 min each at room temperature. The specimens were photographed using a light microscope at a magnification of x200. The Mankin score system was used to assess the severity of arthritis ([@b21-etm-0-0-9022]).

### Immunohistochemistry

β-catenin protein expression in cartilage specimens was assessed by immunohistochemistry. The incubator temperature was set at 50-55˚C and 5-µm thick paraffin sections were fixed on slides coated with Aminopropyltriethoxysilane. The slides were removed from paraffin using xylol. Specimen rehydration was completed using descending graded alcohols and distilled water. The endogenous peroxidase activity was blocked by incubating the sections for 15 min in a methanol solution containing 1% H~2~O~2~. Heat-induced antigen retrieval was obtained by pressure cooking in a 0.01 M citrate buffer (pH 6) at 95˚C for 2 min and cooled. The slides were subsequently washed 3 times, for 5 min each, with PBST. Non-specific antibody-binding was blocked by incubating the samples for 10 min with 10% normal goat serum (Thermo Fisher Scientific, Inc.) at room temperature. The slides were incubated overnight at 4˚C with primary anti-β-catenin antibody (cat. no. 06-734; EMD Millipore; 1:200) and washed with PBST again 3 times for 5 min each. The slides were incubated with EnVision secondary antibody (cat. no. LSAB2; Agilent Technologies, Inc.; 1:200) for 30 min at room temperature and subsequently incubated with horseradish peroxidase-linked complex (cat. no. LSAB2; Agilent Technologies, Inc.) for 30 min at room temperature. Chromogen (DAB) and 1% copper sulphate were used to enhance the color. Finally, the slides were counterstained in hematoxylin of Mayer for 10 min at room temperature and ascending graded alcohol was used for dehydration. Xylol was used for cleaning and the samples were placed on coverslips with Entellan. The slides were photographed using a light microscope at a x200 magnification.

### Statistical analysis

All experiments were repeated three times. Data are presented as the mean ± SD. All data were analyzed using SPSS version 16 (SPSS, Inc.). The significance between two groups was evaluated using unpaired Student\'s t-test. ANOVAs with the post hoc Tukey-Kramer honest significance tests were used for multi-group statistical analysis. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Effects of Wnt/β-catenin signaling on the expression levels of MMP-13, p53, acetylated p53 and SIRT-1 in chondrocytes

The expression levels of β-catenin in chondrocytes increased following treatment with LiCl, an activator of the Wnt pathway. Conversely, β-catenin expression decreased after treatment with DKK1, an inhibitor of the Wnt pathway. Moreover, the levels of MMP-13 and acetylated p53 were increased in LiCl-treated chondrocytes and decreased in DKK1-treated chondrocytes. There was no significant change in p53 protein level. The relative protein expression ratio of acetylated p53/total p53 in chondrocytes treated with LiCl was much higher. The activation of Wnt/β-catenin signaling also decreased SIRT-1 expression ([Fig. 1A](#f1-etm-0-0-9022){ref-type="fig"}). Fluorescence microscopy and western blotting confirmed that the expression of β-catenin in chondrocytes was increased 28 h following transfection of the cells with a β-catenin overexpression plasmids, compared with an empty vector control. In transfected cells, the expression levels of MMP-13 and acetylated p53 were significantly increased, whereas SIRT-1 levels were decreased by transfection of β-catenin into chondrocytes ([Fig. 1B](#f1-etm-0-0-9022){ref-type="fig"}).

### Wnt/β-catenin signaling induces chondrocyte senescence in OA

SA-β-gal staining indicated that treatment of chondrocytes with Wnt-1 resulted in a significantly higher senescence rate, compared with the control group (15.9 and 9.1%, respectively; [Fig. 2A](#f2-etm-0-0-9022){ref-type="fig"} and [B](#f2-etm-0-0-9022){ref-type="fig"}). The protein levels of p53 and p16 were increased following 72-h treatment with Wnt-1 ([Fig. 2C](#f2-etm-0-0-9022){ref-type="fig"}). The addition of IL-1β following treatment with Wnt-1 for 72 h resulted in higher mRNA levels of MMP-3 and MMP-13, compared with the control group ([Fig. 2D](#f2-etm-0-0-9022){ref-type="fig"}).

### Gene expression, histological evaluation and immunohistochemical analysis of cartilage tissues

MMP-13 and p53 expression levels were decreased in cartilage from DKK1-treated knees and increased in the LiCl-treated group ([Fig. 3A](#f3-etm-0-0-9022){ref-type="fig"}). DKK1-treated cartilage did not exhibit structural changes, while apparent cartilage damage was noted in cartilage injected with LiCl ([Fig. 3B](#f3-etm-0-0-9022){ref-type="fig"}). Consistent with these findings, the DKK1-treated group exhibited a lower modified Mankin score than the LiCl-treated group (P\<0.05; [Table II](#tII-etm-0-0-9022){ref-type="table"}). β-catenin expression was not detected in normal cartilage. β-catenin expression was much higher in cartilage from rabbits injected with LiCl, compared with cartilage tissues injected with DKK1 ([Fig. 3C](#f3-etm-0-0-9022){ref-type="fig"}).

Discussion
==========

IL-1β is a pivotal catabolic factor involved in the joint destruction observed during OA. IL-1β induces the expression of inflammatory mediators and MMPs in arthritis, leading to disruption of the balance between biosynthesis and degradation of the extracellular matrix (ECM) ([@b22-etm-0-0-9022]). Therefore, IL-1β has been widely used to mimic the OA microenvironment *in vitro* ([@b23-etm-0-0-9022]). The degradation of cartilage in OA is primarily mediated by MMPs, and the collagenase MMP-13 specifically targets collagen type II, which is the main component of the ECM ([@b24-etm-0-0-9022]). Therefore, in the present study, expression levels of MMP-13 were evaluated in order to assess the extent of OA.

The present findings confirmed the role of the Wnt/β-catenin signaling pathway in the development of OA. Activation of Wnt/β-catenin signaling increased the expression levels of MMP-13 in LiCl-treated chondrocytes and chondrocytes transfected with β-catenin. Rabbit cartilage tissues that were treated with LiCl indicated higher MMP-13 expression levels and a higher modified Mankin score.

Previous studies indicated that Wnt/β-catenin signaling may be an antagonist of senescence. Firstly, Wnt signaling promoted proliferation by inhibiting senescence of epithelial cells and fibroblasts ([@b25-etm-0-0-9022]), while senescence cell impacted proliferation of the same cell populations ([@b26-etm-0-0-9022]). Secondly, elevated Wnt signaling is associated with the development of several types of cancer ([@b27-etm-0-0-9022]), whereas senescence acts as an important mechanism of tumor suppression ([@b25-etm-0-0-9022]). However, the present study supported the opposite conclusion. Indeed, activation of Wnt/β-catenin signaling resulted in an increase in the expression of the senescence markers SA-β-gal, p53 and p16. Furthermore, *in vivo* experiments demonstrated that the expression levels of p53 were decreased in cartilage from DKK1-treated knees, and increased in LiCl-treated cartilage tissues, suggesting that the Wnt pathway promoted chondrocyte senescence both *in vitro* and *in vivo*. This result accords with a study by Liu *et al* ([@b28-etm-0-0-9022]), which suggested that continuous Wnt exposure triggered accelerated cellular senescence *in vitro* and *in vivo*. A previous study on nucleus pulposus cells suggested that activation of Wnt/β-catenin signaling promoted cellular senescence ([@b17-etm-0-0-9022]).

The present results suggested that the Wnt pathway promoted chondrocyte senescence. During senescence, p53 is activated and in certain cell types, induced expression of the p53 protein results in senescence ([@b29-etm-0-0-9022]). In addition, the histone deacetylase SIRT-1 is particularly important in this respect and its expression in senescent cells is downregulated ([@b32-etm-0-0-9022]). SIRT-1 which regulates p53 activity via deacetylation and inhibits the induction of senescence ([@b33-etm-0-0-9022],[@b34-etm-0-0-9022]). The results of the present study indicated that the activation of the Wnt/β-catenin signaling pathway increased the expression and acetylation of p53 in chondrocytes. In LiCl-induced senescent chondrocytes, the expression levels of acetylated p53 were increased, whereas the opposite pattern of expression was noted in DKK1-treated chondrocytes. Transfection of β-catenin in chondrocytes increased the expression levels of acetylated p53. Furthermore, activation of the Wnt/β-catenin signaling following LiCl treatment or with β-catenin transfection decreased the expression levels of SIRT-1.

In conclusion, the present study demonstrated that activation of Wnt/β-catenin signaling promoted chondrocyte senescence *in vivo*. These effects were confirmed using an animal model of OA. The underlying mechanisms may involve downregulation of SIRT-1 and increased p53 acetylation levels. The findings suggest an important role for Wnt/β-catenin signaling in the regulation of chondrocyte senescence in OA and may provide new insight into the potential treatment of OA using targeted therapies.
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![Effects of DKK1 and LiCl treatment on IL-1β-induced rabbit chondrocytes and chondrocytes transfected with β-catenin. (A) Cells were pre-treated with DKK1 and LiCl for 1 h and stimulated with IL-1β for 23 h, then harvested for RT-qPCR analysis and western blotting. (B) β-catenin expression was detected via immunofluorescence staining and western blotting. Data are presented as the mean ± SD. ^\*^P\<0.05 vs. control group. DKK1, dickkopf 1; MMP, matrix metalloproteinase; IL, interleukin.](etm-20-03-2631-g00){#f1-etm-0-0-9022}

![Wnt-1 induces senescence in chondrocytes. (A) SA-β-gal staining of the chrondocytes treated with Wnt-1 for 72 h and controls. (B) Quantitative analysis of the SA-β-gal staining indicated that chondrocytes treated with Wnt-1 for 72 h displayed a higher rate of senescence (15.9%), vs. the control group (9.1%). (C) The protein levels of p53 and p16 were increased following treatment with Wnt-1 for 72 h. (D) Cells were further treated with IL-1β following pre-treatment with Wnt-1 for 72 h. Data are presented as the mean ± SD. ^\*^P\<0.05 vs. control group. SA-β-gal, senescence-associated β-galactosidase; MMP, matrix metalloproteinase; IL, interleukin.](etm-20-03-2631-g01){#f2-etm-0-0-9022}

![Gene expression, Safranin-O staining and immunohistochemical analysis of articular cartilage. (A) Cartilage from DKK1-treated knees indicated higher expression levels of MMP-13 and p53. (B) Safranin-O staining and (C) immunohistochemical results showed that LiCl-treated joints had severe cartilage damage and much higher expression levels of β-catenin, while DKK1-treated joints had intact cartilage and low expression levels of β-catenin. Normal cartilage tissues indicated no structural changes or alterations in the expression levels of β-catenin. Control animals received vehicle treatment (PBS). Data are presented as the mean ± SD. n=4. ^\*^P\<0.05 vs. control group. DKK1, dickkopf 1; MMP, matrix metalloproteinase.](etm-20-03-2631-g02){#f3-etm-0-0-9022}

###### 

Primer sequences.

  Targeted genes    Sequence, 5\' → 3\'            Amplicon length, bp   Genbank accession
  ----------------- ------------------------------ --------------------- -------------------
  Rabbit MMP-13     F: CAGATGGGCATATCCCTCTAAGAA    88                    NM_001082037
                    R: CCATGACCAAATCTACAGTCCTCAC                          
  Rabbit p53        F: GCCCATCCTCACCATCATCACACT    82                    NM_001082404.1
                    R: GCACACACTCGCACCTCAAAGC                             
  Rabbit 18s rRNA   F: GACGGACCAGAGCGAAAGC         119                   EU236696
                    R: CGCCAGTCGGCATCGTTTATG                              
  Rat MMP-3         F: CTGGGCTATCCGAGGTCATG        77                    NM_133523
                    R: TGGACGGTTTCAGGGAGGC                                
  Rat MMP-13        F: CAACCCTGTTTACCTACCCACTTAT   85                    NM_133530
                    R: CTATGTCTGCCTTAGCTCCTGTC                            
  Rat GAPDH         F: GAAGGTCGGTGTGAACGGATTTG     127                   NM_017008.4
                    R: CATGTAGACCATGTAGTTGAGGTCA                          

F, forward; R, reverse; bp, base pair; MMR, matrix metalloproteinase; rRNA, ribosomal RNA.

###### 

Histological score of articular cartilage.

  Parameter            DKK1                                                      LiCl                                                      Control
  -------------------- --------------------------------------------------------- --------------------------------------------------------- -----------
  Structural changes   0.43±0.53^[a](#tfn1-etm-0-0-9022){ref-type="table-fn"}^   2.67±0.50^[a](#tfn1-etm-0-0-9022){ref-type="table-fn"}^   1.0±0.50
  Cellular changes     0.56±0.53^[a](#tfn1-etm-0-0-9022){ref-type="table-fn"}^   1.67±0.50^[a](#tfn1-etm-0-0-9022){ref-type="table-fn"}^   1.11±0.33
  Safranin staining    0.71±0.49^[a](#tfn1-etm-0-0-9022){ref-type="table-fn"}^   1.56±0.73^[a](#tfn1-etm-0-0-9022){ref-type="table-fn"}^   1.11±0.60
  Total score          1.86±1.07^[a](#tfn1-etm-0-0-9022){ref-type="table-fn"}^   5.89±1.17^[a](#tfn1-etm-0-0-9022){ref-type="table-fn"}^   3.22±1.30

Data are presented as the mean ± SD.

^a^P\<0.05 vs. control group. DKK1, dickkopf 1.
